Summary.-Isolated chloroplasts from enucleated, bacteria-free Acetabularia cells were found to contain DNA in the approximate ratio of protein to DNA of 5,000 to 1. DNA was determined by the specific fluorometric procedure of Kissane and Robins'" before and after hydrolysis with DNAase.
Communicated by Julius H. Comroe, Jr., October 9, 1963 In an earlier study of the action of aldosterone on Na+ transport across the isolated urinary bladder of Bufo marinus, we found that: (1) in steroid-free media, 12 hr of incubation was needed to sensitize the bladder to aldosterone, (2) in substrate-depleted bladders, hormonal activity depended on exogenous substrate, and (3) in substrate-enriched media, the response was characterized by a latent period of 60-90 min, followed by a linear increase in Na+ transport over a period of 4.5-6.5 hr.' Evidence will be presented to support the hypothesis that aldosterone is preferentially localized in the nucleus of the epithelial cells and acts by promoting DNAdependent RNA synthesis that yields an increased rate of protein synthesis. The newly synthesized proteins appear to be enzymes involved in the coupling of metabolism to Na+ transport.
Methods and Results.-Time-course of uptake of H3-aldosterone: After double pithing of Bufo marinus, urinary bladders were removed and rinsed with frogRinger's solution (Na+ = 114 mEq/l, K+ = 3.5 mEq/l, Ca2+ = 5.4 mEq/l, Cl-= 120.4 mEq/l, HCO3-= 2.5 mEq/l, Osmol. = 0.228, and pH in air = 8.4) containing 1.7 X 10-5 M mecholyl chloride. The hemibladders were mounted as diaphragms between glass chambers similar to those of Ussing and Zerahn.2 Residual mecholyl chloride was removed by washing with 30 ml of frog-Ringer's solution for 15 min. All hemibladders were incubated overnight in 40 ml of frogRinger's solution (steroid-free) containing penicillin G (0.1 mg/ml). The following morning all solutions were replaced with frog-Ringer's solution fortified with glucose (5.5 X 10-3 M). Two hours later, 4 MC of 1,2 H3-aldosterone3 (specific activity = 50 mC/mg; repurified chromatographically by Dr. E. Biglieri) was added to either the serosal or mucosal solution of one hemibladder and diluent was added to the media of the other hemibladder. The final concentration of aldosterone was adjusted by adding cold d-aldosterone to the stock solution. Active Na+ transport was measured by the short-circuit current (scc) method of Ussing and Zerahn.2 The justification for equating Na+ transport and sec in this system has been given previously. '1 4 Pairs of hemibladders were removed from the chambers at 0.25, 0.75, 1.50, 3, and 6 hr after the addition of aldosterone, and their water content was determined by drying for 24 lution, and assayed in a liquid scintillation spectrometer.' The intracellular concentration of aldosterone was calculated from the specific activity of the aldosterone, the radioactivity of the tissue, the water content of the tissue, and an assumed extracellular volume of 40%.6
At low concentrations of aldosterone in the serosal medium (i.e., 6 X 10-9 M), intracellular accumulation of aldosterone reached a steady-state value of 1.4 X 10-8 M in 90 min (Fig. 1A) . In contrast, Na+ transport was unaffected for 3 hr and then increased by 30% over the next 3 hr. At a concentration of aldosterone of 7 X 10-7 M in the serosal medium, intracellular accumulation achieved a steadystate value of 1.2 X 10-6 M in about 1 hr. The latent period for scc was 90 min, followed by a linear increase over the ensuing 4.5 hr (Fig. 1B) . At a concentration of 7 X 10-7 M in the mucosal medium, intracellular accumulation of aldosterone achieved a steady-state value of 2.2 X 10-7 M in 15 min. The latent period for scc was between 60 and 90 min, followed by a linear increase in scc for 5 hr (Fig.   1C ). These results suggest that the latent period is not a consequence of a slow rate of penetration of aldosterone and that the time-course of action is a result of a relatively slow set of intermediate reactions. The 12 hr of preincubation needed to sensitize the system to aldosterone may be dictated by the rate of decay of the intermediates.
The time-course of elution of H3-aldosterone from prelabeled bladders: Paired hemibladders were immersed 3-14 hr in frog-Ringer's solution containing 1,2 H3-aldosterone (0.5 A.C/ml). The hemibladders were then rinsed for 30 sec, mounted in chambers, and incubated in steroid-free Ringer's solution 0.25-6 hr. The method of drying, digestion, and radioassay was described in the first section.
Ninety per cent of the aldosterone was eluted from the bladders in 1 (Fig. 2) . Therefore the time required for sensitization to aldosterone is not a function of the total amount of aldosterone in the tissue. Steroidal action via intermediates can also be tested by removing aldosterone prior to the onset of the effect.
Effect of "premattare" removal of aldosterone: In these experiments, aldosterone was added to the serosal medium (7 X 10-7 M) at time zero (i.e., 2 hr after the addition of glucose). In four experiments the aldosterone-containing medium was exchanged for steroid-free frog-Ringer's solution at the end of 45 mm and in 10 experiments, at the end of 3 hr. The results are given in Figure 3 . The latent period and the rate of rise of the scc was the same when aldosterone was removed "prematurely" (i.e., either 45 mm or 3 hr after it was added) as when aldosterone was present throughout. These results are consistent with the hypothesis that aldosterone acts via intermediates. Alternatively, these results may reflect the existence of a small, tightly bound pool of aldosterone at the site of active transport. To choose between these alternatives, we studied the site of intracellular localization of He-aldosterone by radioautography.
Localization of the site of binding of H3-aldosterone: In these experiments, 2 4C of 1,2 H3-aldosterone was added to the serosal solution 2 hr after the addition of glucose to the media. Ninety minutes later the bladders were removed from the chambers, blotted briefly, and plunged into liquid propane (-170T C). Sections 6 in thickness were cut on an International cryostat microtome and exposed to formalin fumes. The sections were coated with Kodak liquid NTB 3 emulsion by the loop method to minimize aqueous extraction of the labeled steroid.7' 8 The coated sections were exposed for -6 months at 40C and developed with Kodak D-19. Some of the developed preparations were stained by the B6langer method.9 Preferential localization was found in the mucosal epithelial cells ( Fig. 4A and  B) . The serosal mesothelial cells were also labeled. The submucosal connective tissue showed sporadic, diffuse labeling; only background granules were found in the smooth muscle bundles and blood vessels. High magnification revealed selective localization over the nuclear and perinuclear areas of the mucosal epithelium ( Fig.  4B and C) . In contrast, only occasional loci of cytoplasmic labeling were noted.
In view of the physiological findings indicative of an indirect action of aldosterone, selective nuclear accumulation of the labeled steroid takes on considerable significance. Previous studies have shown that puromycin, an inhibitor of protein synthesis, and actinomycin, an inhibitor of nuclear synthesis of RNA, effectively block the cortisone-induced rise in liver tryptophan pyrrolase, tyrosine transaminase, and glycogen deposition.'0-'2 As a test of the possibility that aldosterone also acts by enhancing protein synthesis via DNA-mediated RNA synthesis, we studied the effects of puromycin and actinomycin D on the action of aldosterone.
Effects of puromycin and actinomycin D on the action of alkosterone: Paired hemibladders were prepared as in the preceding experiments. In eight experiments, puromycin was added to the serosal and mucosal media (80 ,4gm/ml) of one hemibladder and an equal volume of the diluent to the media of the other 30 min before adding d-aldosterone (7 X 10-' M) to the serosal solutions of both hemibladders. Six hours after adding aldosterone, vasopressin was added to the serosal solutions of both hemibladders (0.1 vasopressor units/ml). Pretreatment with puromycin abolished the effect of aldosterone on the sec (Fig. 5) . The time-course of the sec in hemibladders exposed to puromycin plus aldosterone was the same as in the steroid-free media observed in an earlier study.'
In eight experiments, actinomycin D (20 ,ugm/ml) was added to the serosal and mucosal solutions of one hemibladder and diluent to the media of the other shortly after mounting the bladders. About 15 hr later, the solutions were exchanged for glucose-fortified solutions containing the same concentration of actinomycin D or diluent as in the preincubating solutions. Two hours after this exchange d-aldosterone was added to the serosal media of both hemibladders (7 X 10-7 M). Six hours after adding aldosterone, both hemibladders were challenged with vaso- pressin (0.1 U/ml). The effect of aldosterone on the scc was reduced considerably in the hemibladder treated with actinomycin. The control hemibladder showed the usual response to aldosterone (Fig. 6) . A comparison of these results with those obtained in steroid-free media indicates that actinomycin D inhibited the response to aldosterone by about 90 per cent. 1 In three experiments, one of each pair of hemibladders was exposed to actinomycin D (20 ,ugm/ml) for only 2 hr prior to the addition of aldosterone. Pretreatment with actinomycin for 2 hr significantly reduced (by about 60%') the effect of aldosterone on the scc (Fig. 7) . The (2) The response of the sec to glucose U/ml) to the serosal medium is plotted as a was about the same in actinomycin Dfunction of the baseline value (sccB) just before the addition of the hormone. The re-treated hemibladders as in the controls gression line (-) is the mean response of (Fig. 6) . (3) The response of the sec to 26 control hemibladders to the same concentration of vasopressin. The broken lines vasopressin was unaltered by puromy-(--) represent 2 standard errors of estimate cin or actinomycin D (Fig. 8) . The effect of pretreatment with aldosterone on the response to substrates: If aldosterone acts by inducing de novo synthesis of enzymes involved in the coupling of metabolism to Na+ transport, in substrate-depleted bladders a reversal of the sequence (i.e., pretreatment with aldosterone followed by the addition of substrate) should result in a curvilinear rise in the rate of Na+ transport and should eliminate the latent period. In these experiments, 30 min after exchanging the media for substrate-free, frog-Ringer's solution, d-aldosterone (7 X 10-7 M) was added to the serosal medium of one hemibladder and diluent to the serosal medium of the other. Three hours after the addition of aldosterone or diluent, either glucose or sodium pyruvate (5.5 X 10-3 M) was added to the serosal and mucosal media of both hemibladders.
Pretreatment of substrate-depleted hemibladders with aldosterone had little effect on the scc after 3 hr (Fig. 9) . The introduction of glucose or pyruvate produced a dramatic curvilinear rise in scc without a latent period. Thirty minutes after the addition of either substrate, the rise in the scc of the aldosterone-treated hemibladders was significantly greater than in the controls. The synergism between pyruvate and aldosterone suggests that aldosterone induces the formation of enzymes involved in the oxidation of pyruvate (Fig. 9B) .
Discussion.-That aldosterone acts by inducing de novo synthesis of enzymes coupling metabolism to Na+ transport is supported by the following results: (1) Aldosterone uptake reaches a steady level prior to the onset of its action.
(2) Aldosterone is rapidly eluted into steroid-free media, whereas 12-14 hr are needed to sensitize the toad bladder to exogenous steroid. (3) "Premature" removal of aldosterone from the medium (i.e., 45 min) has no effect on the timecourse of action on Na+ transport. (4) Aldosterone is selectively localized in the nuclei of the receptor epithelial cells. (5) Actinomycin D or puromycin blocks the action of aldosterone but not the action of vasopressin on Na+ transport. (6) Pretreatment of substrate-depleted bladders with aldosterone followed by the addition of substrate eliminates the latent period and yields a curvilinear rather than a linear rise in Na+ transport.
